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Functional motion of hand are most important in dairy life.
Due to the complexity of hand and joint system, there is
still no parametric model to fit or represent the dynamic
functional joint or hand motions. Thus, for lack of the
model, it is difficult to solve the quantitatively
evaluating problem in hand motions or even the associated
insurances. This research use the hand morphology
perspective to create a series of hand evaluation
indicators, with the commercial motion analysis system.
During the research, we have finished the motion analysis
data of 25 subjects with a normal-used hand and no hand-
hurt history, with ages ranged from 20 to 30 years. There
are several motions we have to record and analyze,
including thumb circumduction, finger flexion and
extension, hand full grasping, and hand holding (another
type of grasping task) and some static postures. In our
experiments, a full-hand marker protocol has been adopted,
there are total 39 markers to cover all hand joints and
some important positions with representing the meaningful
anatomic structure. The target is to build a normal-hand
morphological model associated with hand motion, including
most of daily hand functions. In addition, the system is
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cable of estimating the geometric information of work
space, the temporal information of hand morphology and the
associated quantitative evaluation indicators. We have
present the prototype stage results of the research in ICEN
2015 international conference, and have a plan to publish
the more details in international journals. So far, the
spiral parametric model is developed for thumb motion and
the interaction FCW for thumb and fingers are discussed
with including hand configuration (kinematics) and temporal
information. Several evaluation indicators are developed by
temporal information and more practical ones are expected
to developed and be tested. Our future work are also
concerning on hand morphological model for clinical
evaluations, including collecting more test cases and other
types of hand motions.

hand functional workspace ° thumb motion » hand morphology
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Functional motion of hand are most important in dairy life. Due to the complexity of hand and joint
system, there is still no parametric model to fit or represent the dynamic functional joint or hand motions.
Thus, for lack of the model, it is difficult to solve the quantitatively evaluating problem in hand motions or
even the associated insurances. This research use the hand morphology perspective to create a series of hand
evaluation indicators, with the commercial motion analysis system. During the research, we have finished
the motion analysis data of 25 subjects with a normal-used hand and no hand-hurt history, with ages ranged
from 20 to 30 years. There are several motions we have to record and analyze, including thumb

circumduction, finger flexion and extension, hand full grasping, and hand holding (another type of grasping



task) and some static postures. In our experiments, a full-hand marker protocol has been adopted, there are
total 39 markers to cover all hand joints and some important positions with representing the meaningful
anatomic structure. The target is to build a normal-hand morphological model associated with hand motion,
including most of daily hand functions. In addition, the system is cable of estimating the geometric
information of work space, the temporal information of hand morphology and the associated quantitative
evaluation indicators. We have present the prototype stage results of the research in ICEN 2015 international
conference, and have a plan to publish the more details in international journals. So far, the spiral parametric
model is developed for thumb motion and the interaction FCW for thumb and fingers are discussed with
including hand configuration (kinematics) and temporal information. Several evaluation indicators are
developed by temporal information and more practical ones are expected to developed and be tested. Our
future work are also concerning on hand morphological model for clinical evaluations, including collecting
more test cases and other types of hand motions.
B 47

hand functional workspace > thumb motion s hand morphology
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PP S G 2t 2 B AR R A e A ) R e P 2 * triangle

mesh - ¢* mesh f £1&5 £ & chfppt P o chE A o

The candidate feature points

Bl: EH#+4pEH T 6 mesh 3]

(1) # i fba e B Hale =
d 3 gt B Bk 2 o PR L B R BT s B Bk e F
2oAHLE-HREFUHAFTEIGH: AP - BEYREFF I P E B RE
CE R TEBERE S R R T ‘Liﬁ]fﬂf%;?’tlp BEAafpFHaPERPFOE R TS
H L 2RFE U BE o F) xf TR R S AR N ATERE R 4 R (A LR R 4
):
(@) &~ PR G
En FCW = (First Enter time)/(Total time)
(b) B iy T PR B
Le FCW = (Last Leaver time)/(Total time)
() it B FTREFE W B
Run FCW=[ Last Leaver time - First Enter time]/(Total time)

AVEEFRNI R BEMERZM G X EFEE FCW hd RITIRMEM I - p 4pih {7 U E 7 %
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i ﬁj_%??;% °
(28 21>
~ BREsw
WH 1 Ty B A freraE 2
THCE PR R > AP BE R ORI 5 S AP 2
subjectl: r(0,¢)= -1.90° - 2.66’2¢ -1 1.66’¢52 + 38.6¢53 +2.76*
+l3.39¢—83~¢2+139+36¢+53.7
FW surface area : 20538 mm®
FW volume :389160 mm’
subject2:
r@,¢)= 2260+ 0.492¢— 1 19¢2 + 21.3¢3 +0.026°
+10.26’¢—10.4-¢2 +18.40—-26.5¢+65.5
FW surface area : 29373 mm®
FW volume : 651140 mm®
subject3  r(,4) =—1.60° +0.110°4 +1.40¢" —3.44" —1.66"
—5.80p+26.54> +16.50 — 50.4¢ + 70.1
FW surface area : 13275 mm’
FW volume : 203560 mm’
B BEEME R LT F o f (FW area)? 8 # (FW volume) §

Bt Fpr gL EH S oA H

I-axis

®  Original Thumb workspace points
Spiral function fitted points

-40

Heaxis
-axis
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subject No  trial No Area mm?2 Volume Error mean Error std Error max Error min
mm3 (mm)

s01 tl 27303.0000  885340.0000 2.2735 1.6570 7.7519 0.0422
s01 t2 18494.0000  341470.0000 24798 1.4104 5.5724 0.0096
s01 t4 20906.0000  581260.0000 2.6982 1.5354 7.5093 0.0503
s01 t5 22272.0000  634190.0000 1.5680 1.5380 6.9763 0.0054
s01 t6 17731.0000  421980.0000 1.7859 1.2230 5.4388 0.0242
S05 tl 27303.0000  885340.0000 2.2735 1.6570 7.7519 0.0422
S05 t2 27303.0000  885340.0000 2.2735 1.6570 7.7519 0.0422
S05 3 12559.0000  222210.0000 4.6336 2.5185 9.6015 0.0264
S05 t5 11853.0000  199410.0000 2.1133 1.8987 8.7141 0.0414
S05 6 10341.0000  184280.0000 1.6614 1.4081 5.1097 0.0105
SO7 tl 10187.0000  208590.0000 3.1932 1.9835 14.9877 0.0296
S07 t2 11276.0000  200380.0000 1.5633 1.5372 7.8563 0.0053
SO7 t4 10663.0000  195970.0000 1.6869 1.2561 5.4818 0.0428
SO7 t5 8903.7000  208770.0000 1.4037 1.1140 4.1480 0.0271
S08 t4 5823.9000  156840.0000 1.7896 1.5730 8.4432 0.0151
S08 t5 5351.6000  134280.0000 1.3509 0.9891 3.3612 0.0365
S09 tl 33878.0000  1359100.0000 3.8833 2.7946 12.7859 0.0072
S09 2 24988.0000  930520.0000 4.4006 2.6479 9.4852 0.00026922
S09 t3 18176.0000  450700.0000 6.5541 3.7851 15.5389 0.0326
S09 t4 33609.0000  1721200.0000 3.8966 2.8366 11.6427 0.131
S09 t5 63784.0000  2778200.0000 11.6956 10.9756 51.3949 0.0449
S10 tl 13017.0000  210100.0000 6.1283 5.0163 17.2189 0.0255
S10 2 10993.0000  170280.0000 4.6602 2.7070 10.4425 0.0505
S10 t5 9268.7000  169580.0000 4.0988 3.4894 13.7503 0.0757
S11 tl 9557.9000  190760.0000 5.2497 3.3566 13.5699 0.0285
S11 t2 8244.7000  185000.0000 4.0697 2.7001 22.3030 0.057
S11 t3 16574.0000  427720.0000 4.1556 2.7697 11.2873 0.0087
S11 t4 9704.4000  229710.0000 2.6606 1.7222 8.4003 0.0207
S11 t5 17615.0000  568850.0000 3.3161 2.1325 8.4704 0.0183
S12 tl 14791.0000  379750.0000 2.9656 2.1768 12.2497 0.0082
S12 t2 14974.0000  423640.0000 1.4374 1.6555 13.4838 0.0052
S12 t4 14447.0000  308980.0000 2.1551 1.8171 7.2940 0.0275
S12 t5 15119.0000  342890.0000 2.9360 2.7406 11.9918 0.0013
S13 tl 120020.0000  9463900.0000 8.6120 8.6227 45.6118 0.0469
S13 t3 75967.0000  3777300.0000 9.5382 10.4640 51.0614 0.00034317
S13 t4 161110.0000 14314000.0000 9.0524 10.7668 53.8287 0.0046
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S13 t5 54001.0000  1752200.0000 11.2887 10.2043 45.0448 0.059
S14 tl 51084.0000  2034100.0000 5.3485 5.6248 25.2786 0.0275
S14 2 7788.2000  164080.0000 24363 2.0767 14.0402 0.0048
S14 t3 12189.0000  288560.0000 3.7812 24479 12.9425 0.0171
S14 t4 8101.7000  209220.0000 1.3454 1.0712 8.3892 0.0181
S14 t5 7965.4000  190420.0000 1.4799 1.1754 6.0442 0.0044
S15 t2 13017.0000  210100.0000 6.1283 5.0163 17.2189 0.0255
S15 t3 24869.0000  690190.0000 9.3995 7.8589 38.1633 0.0225
S15 t5 23608.0000  727860.0000 6.6437 5.0202 24.0290 0.0237
S16 tl 45448.0000 1.8775 8.7740 7.9189 37.1678 0.114
S16 t3 137340.0000 11867000.0000 6.1415 4.3902 17.3956 0.0466
S16 t4 34442.0000  1876700.0000 8.7363 6.0187 20.8039 0.0105
S16 t5 29399.0000  1389600.0000 6.3179 4.5694 171567 0.001
S17 tl 14354.0000  296470.0000 5.2943 4.0008 29.7962 0.1289
S17 t2 14474.0000  328760.0000 7.3132 3.5122 14.9464 0.008
S17 t3 17474.0000  372310.0000 3.5630 2.6105 13.5291 0.0108
S17 t4 13417.0000  247100.0000 2.5813 1.9278 9.9919 0.0031
S17 t5 10059.0000  208760.0000 10.5896 6.4770 23.5849 0.0578
S18 tl 25243.0000  719040.0000 11.4510 10.8753 42.3340 0.0167
S18 t2 34343.0000  1235400.0000 5.8966 5.7059 25.3146 0.0364
S18 t3 51756.0000  2069400.0000 72748 6.5010 27.5666 0.0665
S18 t4 40730.0000  1225800.0000 11.1038 59718 31.0663 0.0034
S19 tl 7527.2000  121430.0000 3.9320 3.5542 17.4223 0.0014
S19 t3 10173.0000  345520.0000 7.9854 9.1403 38.2692 0.204
S19 t4 7722.6000  149580.0000 3.2043 4.0745 21.5019 0.0042
S19 t5 19645.0000  554430.0000 6.8047 7.1878 35.4125 0.0256
S21 tl 91552000 244190.0000 1.8380 1.5546 9.5433 0.0144
S21 t2 13809.0000  343890.0000 1.8605 1.7047 17.5661 0.0028
S21 t3 9739.2000  215170.0000 1.9930 1.2828 9.3170 0.0226
S21 t4 9892.0000  217090.0000 1.6173 1.6090 8.3759 0.007

Bk B S HR A 2L 2 BEF

=
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Subject 5

Z-auis

@ Qriginal Thumb workspace points
= Spiral function fitted points

Subject 7

Z-axis

®  Original Thumb workspace points [

Spiral function fitted points

140 -
120 100 & a0

X-axis

Y-axis

Subject 9

Z-axis

@ Original Thumb workspace points
Shpiral function fitted points

Heaxis

Subject 10

@ Criginal Thumb workspace points

a0 . ) 3
: : - Spiral function fitted paoints

35
30
25

20

-10.]
200

-axis

Original Thumb workspace points |

Z-ayis

K-axis

Spiral function fitted points

Y-axis

Subject 21

B0
50

40

Leans

@ Original Thurb workspace points
+  Spiral function fitted points 100

0 on a0

f-axis

80 50

Heaxis
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The cooperation workspace of thumb's workspace and index finger

Wlaximum sampled data

@ Minimum sampled data
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Maximum sampled data
®  Minimum sampled data

SR G e 4 FCWs T OLF AT e e L R B e R B L A A
£ 5 index finger: 30~50%, middle ﬁnger: 25~30% - ring finger: 10~15% - little finger: <15% - iz i F 3
TR R LA I L £

I FOW et SR R LG 2 T %@ﬁﬂﬁ%ﬁﬂi%zﬁm%a
Configuration)2. f¥ ¢ribf % » H A 45 T3 #Ba 7 &) > £ 20 » FCW 242 FCW hpF ki > ¢ 538
rEREE Sl (R PE 20 BB FCW S A EEEWL L P 0 0 T TR
el § Flikdy o

T ] % ring finger H FCW §35:
()% 7 finger 4 {7 FCW p& » 2 2 A f 73t > (b) 3 FCW Ap Bl i& » 22 @ £ 3130 <t

The 3 trial: interactive regions of thumb's warkspace and 3th finger

260 __4 B T @  Thumb Maximal Circurnduction

R + Thumb Internal mation

30— ] Thumb minimun paint

a0 U [ SO B ...... .
| e _ o
A R : e SN N
PoE0-| Do : e
a0 ) . = RR ] AP ...... .
220‘___..- W /7 - ...... ..... ..... ...... .
00 - R e i

: inget-type:3th Finger, FyY 61 217 %

180 —| : . — -
160 =

40 30 3E0 4000 a0 a0

480 480 500 spp” 100

(a) %% 1,ring finger " FCW 3% & 731 [
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§p s ApT

"J-Iéave::lirr?le = 3.5575,459‘:"'_-‘-‘@91 g o IDG}%

Finger Functional Workspace: map to time & finger configuration

__________

enter::tlr‘q'e-:71-.‘5_67[]U|U"--—~--.\_

e ; DIH'ZZ.?TZSM:
- A b 9, . PIP4B.£233Y"
o ; T MCP7681264-9
:oo DIP-44785276 | Sy
Ao PP 96408B1Y L QT
1o MCP 1 144476 U -
) ‘ R W
Lot ; i ! O
[+] : L Q0 H
o ! | &, :
U : : -3 time = 1788000
T N % DP. 12388340
N ; Tt 5 PIP 86393105
S ; B UMCP s sssa
ot o TR N : : '
L% DIF’ 15950;119 » "'feaver;?ime_?_]ﬁ@"i;?ﬁs
) ; e DIP: 13262453 |}
- . —PHR-42.934269 |

MCF' 89.
240

260

(b) FCW P A g7 £ 30 5 2

MR s T R B AR RS & 41 % B e

Enter

The enter time points are at 1.667 sec after staring (in: fr= 95)
The finger configuration (ENTER IN): DIP: 22.772334, PIP 48.522381, MCP 76.812649

Leave

The leave time points are at 1.788 sec after starting (out: fr= 125)
The finger configuration (OUT ): DIP: 12.355344, PIP 80.393105, MCP 86.155580

Enter

The enter time points are at 2.176 sec after staring (in: fr= 142)
The finger configuration (ENTER IN): DIP: 15.960019, PIP 103.181321, MCP &7.462745

Leave

The leave time points are at 3.566 sec after starting (out: fr= 189)
The finger configuration (OUT ): DIP: 44.789276, PIP 96.408819, MCP 11.1444776

Total Time

The total motion time are at 5.600 sec

(4o % 4 #rif)

(a) &> i B PR B

En_FCW =

(First Enter time)/(Total time)
1.667/5.600 x100% = 29.7 %

(b) HLFP 7 & T PERE VL G
Le FCW =

(Last Leaver time)/(Total time)
3.566/5.6 x100% = 63.7 %

(c) # i "L 7 P ]
Run FCW= Last Leaver time - First Enter time]/(Total time)

34 %
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TSR T R

Fingers FCW ratio En_FCW Le FCW RunTime Run FCW
Subject 1 Index 65.64 % 29.76 % 65.65 % 543 s 35.89 %
Middle 67.36 % 29.71 % 64.18% 5.58s 34.47 %
ring 61.27 % 29.77 % 63.69% 5.6s 33.92%
little 58.15 % 34.27% 71.33% 4.83s 37.0 %
Subject 5 Index 55.5% 24.95% 94.15% 59s 69.2%
Middle 43.42% 27.44 % 92.9% 59s 65.48%
ring 343 % 27.4 % 90.5 % 5.9s 63.1 %
little 3.37% 19.7 % 72.03% 59s 52.28 %
Subject 11 Index 25.3% 40.78 % 79.9% 4.8s 38.3%
Middle 11.85% 39.8% 76.7% 49s 36.9%
ring 1.74 % 70.51 % 77.28 % 49s 6.7%
little 0% - - - -
Subject 17 Index 31.9% 50.72% 91.42% 58s 39.7 %
Middle 16.5 % 50.1 % 87.5% 58s 37.41 %
ring 8.12% 50.9% 88.9% 5.8s 37.9 %
little 0 % - - - -
Subject 18 Index 53.14% 31.1 % 86.6% 5.78s 55.49%
Middle 45.25% 31.38% 86.7 % 5.76 s 55.32%
ring 35.65% 32.28% 87.6% 5.7s 55.4%
little 19.76% 33.14% 38.30% 5.4s 5.16%
Subject 21 Index 35.47% 43.9% 84.77% 4.8s 40.87%17.7%
Middle 17.7% 45.1% 87.25% 4.8s 42.1%
ring 5.18% 48.4% 92.57% 4.4s 44.1%
little 0% - - - -

W ENMFASFBAESRARYYEIRARGEFLBPES > FPAPRETF HBETRA

(1) - 4 FCW 1 (5 bt Gl % » % 45 25%~35% & 4 chuli o i A B » 1 16 % 38 (3R A0 AR
% FCW ¥ 86 I 6 & B 1 50%~65% % 4 » F]gt » & 7 b £ 2%

21



HadEdopy Ko

(2)7 ¥ FCW 1t & 0] ehip %o 8 38 » FCW enps B it > 4 & 40% ~ 50% BRpE 15 om 3 & FCW
1R FHBETHETY RE 8 30%40% 1% o

(3) Flpt o ¢ FCW ch@ Bdpths k- 2 4pchEna@don &> TR A @ % 230any i L LM o
_rﬂttyi&g WENRINBFEA T 1}%3&@%:}&%—%’%&5’4‘1— KM E o4 :i%ﬂ,é:};‘tuf—lﬁg - dic it B0 o
TR R LS BREATEE

(4) 7 3B AEFFCW 2 3E L0 > » 7 ud P g s g

T AE o ki r FCW 23 FCW pF £ 30Rl & ¢ MCP, PIP &2 DIP T3 > ¥ s I 2 5 8% h
BE & & R B o

Fingers MCP PIP DIP (E=: R)
Subject 1 Index 15~ 82 40 ~ 97 9~59

Middle 12~78 50 ~ 88 12 ~40

ring 30 ~68 60 ~90 20 ~58

little 40 ~70 70 ~92 30 ~48
Subject 5 Index 18 ~ 84 13~114 5~74

Middle 16 ~78 16 ~98 7~179

ring 10~ 78 14 ~103 19 ~63

little 5~64 4~74 18 ~ 64
Subject 11 Index 17 ~76 43 ~ 107 10 ~ 46

Middle 31 ~88 35 ~104 7~ 56

ring 11 ~21 103 ~ 107 49 ~ 51

little 0% - - -
Subject 17 Index 21 ~82 32~101 7~77

Middle 21 ~86 29~93 2~68

ring 12~72 20~95 4~ 58

little 0% - - -
Subject 18 Index 10~ 63 22 ~107 18 ~74

Middle 3~60 30~102 15~71

ring 4~51 28 ~ 89 2~179

little 23 ~24 48 ~ 74 46 ~ 76
Subject 21 Index 21 ~71 25 ~87 10~76

Middle 12 ~80 25~96 6~83
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ring 7~70 33~99 10 ~63

little 0% - - -

%%ﬁ%ipz4@
d LT Ao dEd i imeh 2 £ 4R e 8E(39 Markers) 0 24P S -E 301 TR B (R R A LT

o H$ Rz £ 300 & % 35 (MCP » H%#mmﬁ%mo%nPmﬁﬁﬁﬁﬁm%%ﬁﬂ,g
MCP ﬁ”‘i’éﬁﬁf’@‘? 7 e g pkeha T % p 0 3] 4p(Little finger)  F & ] 35 )iﬁﬂiéﬁéﬁi)iiﬁ
EMER R a1l iTRFaditeRa » pand 3B At 2P MIT B4Rt > F]P H W i)
Baing $fice PV T PRHEANES > &G mdnT itk .

AZFHEAES A K0 0 F - F0 S AR T B RS TR RIS kiR
it PR AT - B S Ao o 002 SNt B - wemny o R E R v E R gty Dy
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G AR FELERE A P S L BT 10 mERF s ALY A F L
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iF
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3
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Quantitatively Modeling Thumb Functional Workspace with Spiral
Surface Function

Cheung-Wen Chang *", Hsiao-Ting Chiu®, Li-Chieh Kuo® and Yung-Nien Sun°®
* Department of Information Science, Chia Nan university of Pharmacy & Science,
E Department of Occupational Therapy, National Cheng-Kung University,
¢ Department of Computer Science and Information Engineering, National
Cheng-Kung University
Tainan, Taiwan
*Corresponding Author: cewen(@mail.cnu.edu.tw
ABSTRACT
functionality of thumb is known as vital factor for hand rehabilitations. In this paper,
we proposed a new spiral-like function to parameterize such complex thumb
workspace, so that the evaluations of thumb motion capacity could be applied more
precisely. The proposed thumb workspace indicates the functional workspace (FW,
Kuo's 2003). In order to acquire optimal fitting function, some transformations for
Cartesian and spherical coordinates coordinate systems must be applied. By
transformation, all the spiral radiuses of motion points are specified and could be
fitted as a function. Thus, the range of thumb FW could be parameterized and the
associated area and volume could be figured out easily. In clinical applications, this
parameterization reveal more precisely so that finer evaluations of thumb motion
function is feasible..
Keyword: functional workspace, thumb motion, spiral surface function
MAIN DESCRIPTION
Introduction
As human's thumb performs a wide variety of functions, the normality of thumb

motion plays an important role in hand functions in daily activities. This paper
concerns about such a FW(thumb functional workspace presented by Kuo[1]), not the
con-like space, and attempts to determine its mathematical model more precisely. In
addition, based on such compact mathematical form, the volume and surface area of
thumb FW is possible to be acquired. These quantitative parameters are vital for
evaluating the functional capacity of thumb of individual.
Methods and Materials

According to previous studies, the hinged finger is always modeled as linkage-link
kinematics. The trajectory of fingertip performs as a spiral curve based on such
kinematics model in mathematical form (we call forward dynamics). By this
properties, to specify the thumb motion trajectories in 3D space as a spiral like surface
18 a nature assumption. Here, we specify the spiral surface function for thumb FW

as the following form:




HO,9)=a-&+b-6"gptc-6-9'+d ¢ +e-6
+f O ptgd' +hO+igtj (1)

Such 3rd order function 1s essential for represent complex thumb motion positions in
spherical coordinate systems. The proposed spiral model is determined in a spherical
coordinate system. First, all motion points (including the maximal circumduction and
internal operation points) are transformed into spherical coordinates. As shown in
Fig(), the magenta and blue points are measured points. Second, the fitting surface
function could be determined based on a minimal-least-square error strategy. The
acquired parameters are denoted as: P =(a,6.6.d.8, f, £.h.1. /), and the coordinates can
be written as: (6, ¢,r(0,¢, P)). Last, the thumb motion surface in Cartesian coordinate
system should be transformed back.
Results
Table 1: The spiral surface function, the area and volume of thumb FW

H8,8) =194 —2.66Fp—11.604 +38.6¢0° +2.76°
+13.309—83- ¢° +136+36p+53.7

[‘s,‘:iral Function Ge‘nerated‘tﬁu‘vﬁ:‘: \'-f-c-vrkspace

Fw surface area : 20538 mm2

FW volume :389160 mm3

Conclusion
In experiments, three subjects have the maximal fitting error about 15% with respect
to the mean radius, with less than 4% deviation. But the mean error 1s about 6% with
respect to mean radius. In visual observations, no doubt, the thumb motion surface
could be parameterized as the spiral swface function with better fitness rather than a
simple cone sphere surface. Even though the fitting errors reveals unavoidable with
using such 3rd-order radius function. In our future study, the optimal form of the
spiral function could be worthy discussed.
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